Using baseline data from the NIDA Clinical Trials Network 0049 study (Project HOPE), we performed latent class analyses (LCA) to identify discrete classes, or clusters, of people living with HIV (PLWH) based on their past year substance use behaviors and lifetime arrest history. We also performed multinomial logistic regressions to identify key characteristics associated with class membership. We identified 5 classes of substance users (minimal drug users, cocaine users, substantial cocaine/hazardous alcohol users, problem polysubstance users, substantial cocaine/heroin users) and 3 classes of arrest history (minimal arrests, non-drug arrests, drug-related arrests). While several demographic variables such as age and being Black or Hispanic were associated with class membership for some of the latent classes, participation in substance use treatment was the only covariate that was significantly associated with membership in all classes in both substance use and arrest history LCA models. Our analyses reveal complex patterns of behaviors among substance using PLWH and suggest that HIV intervention strategies may need to take into consideration such nuanced differences to better inform future studies and program implementation.
Introduction
People living with HIV (PLWH) who use substances continue to have shorter life expectancies and worse health outcomes than PLWH who do not use substances [1] [2] [3] [4] [5] [6] [7] [8] [9] . Substance use is an important contributor to factors that worsen the health of PLWH such as tenuous engagement and retention in medical care, delayed antiretroviral therapy (ART) initiation, and ART non-adherence [1, [8] [9] [10] [11] [12] [13] [14] [15] . While the correlations between substance use and poor HIV health outcomes have been widely studied, there remains a shortage of knowledge on the dynamics behind distinct patterns of substance use among PLWH.
Another important contributor to factors that can affect the health of PLWH who use substances is these individuals' frequent interactions with the criminal justice system [16] . It is estimated that nearly half of the 185,740 inmates in US federal prisons and 16% of the 1.3 million inmates in US state prisons are incarcerated for drug-related offenses [17, 18] . Among a cohort of HIV-infected current and former injection drug users, short-term incarceration (30 days or less) was significantly associated with virologic failure [19] .
Furthermore, in a study that reported on interviews with recently released PLWH who use substances, the authors showed that severed meaningful relationships with families as a result of incarceration were found to hinder ART adherence [20] . Similar to substance use, while there have been many studies on the effects of incarceration on HIV outcomes of PLWH who use substances, there is a paucity of research on the associations of other forms of criminal justice involvement (e.g., arrest) and the dynamics behind patterns of criminal justice involvement (e.g., overall arrest and incarceration history) with substance use behaviors.
This analysis aims to expand the current literature examining the complex relationships between PLWH who use substances' substance use behaviors and criminal justice involvement by taking a detailed approach, examining for more nuanced patterns of substance use rather than depending on bivariate analyses or other more generalized approaches. Using latent class analysis (LCA) we identified classes of participants, with unique patterns of substance use and arrest history, among a multi-site sample of hospitalized PLWH who use substances. Additionally, we described several key characteristics that are associated with study participants' membership in the identified classes of substance users and profiles of arrest history.
Methods

Sample and Design
We analyzed baseline data from Project HOPE, a multisite randomized controlled trial of hospitalized PLWH who use substances [21] . The primary goal of the study was to compare the efficacy of 6 months of patient navigation (PN) and 6 months of patient navigation with financial incentives (PN + FI), versus treatment as usual (TAU), on increasing 12-months HIV viral suppression rates. Primary outcomes of the trial are published [21] .
Project HOPE took place at 11 U.S. hospitals. Each hospital had at least 200 unduplicated PLWH inpatients per year and had a high prevalence of substance use among PLWH inpatients. The study protocol was reviewed and approved by the institutional review boards of all study sites. Eligible inpatients who provided written informed consent received a blood draw for HIV-1 viral load assessment, completed a social/behavioral assessment, and were randomized in 1:1:1 ratio to study groups (PN, PN + FI, or TAU). All study participants were compensated for their time and efforts.
PLWH were eligible for Project HOPE if they: (1) were hospitalized at any of the study sites during recruitment, (2) reported or had documentation of any opioid, stimulant, and/ or heavy alcohol use within the past 12 months, (3) were at least 18 years old, (4) were able to communicate with project staff in English, (5) lived near study sites, (6) had minimal functional impairment as determined by the Kranofsky Performance Scale Index [22] , (7) were willing to authorize a medical record release, (8) were willing to provide locator information, (9) were willing to complete the baseline assessment and blood draw, and (10) met at least 1 of 3 HIV-related criteria (i.e., had an AIDS-defining illness, had a CD4 cell count < 350 cells/μL and a viral load > 200 copies/mL within the past 6 months, or had a CD4 count ≤ 500 cells/μL and a viral load > 200 copies/mL within the past 12 months).
Measures Selected for Latent Class Analysis (LCA)
All measures were collected using computer-assisted personal interview. Substance use measures selected for LCA included self-report past 12-months illicit drug use for any of 11 substances (marijuana, GHB, hallucinogens, PCP, poppers, ketamine, tranquilizers, ecstasy, heroin, methamphetamines, and cocaine; yes or no), self-report past 12-month nonmedical use of any prescription medications (yes or no), participants' Alcohol Use Disorder Identification Test (AUDIT) score [23] , and participants' Drug Abuse Screening Test (DAST-10) score [24] . AUDIT scores of 8 or more are considered to indicate hazardous and harmful alcohol use while DAST-10 scores from 3 to 5 and 6 or higher are considered indicators of moderate and substantial levels of problems related to drug abuse, respectively.
Arrest history measures selected for LCA included selfreport lifetime arrest for any of 25 illegal activities (public intoxication, driving under the influence, using/possessing illegal drugs, possession of drugs with intent to distribute, possession of drug paraphernalia, manufacturing/growing drugs, sale of drugs, forgery, fencing, illegal gambling, prostitution/pandering, burglary, larceny, auto theft, robbery, assault, kidnapping, terrorist threats/acts, homicide, arson offenses, weapons offenses, vandalism, sex offenses, parole/ probation violation, and other crimes).
Measures Selected for Associations with Latent Classes
Demographic measures selected to describe differences in substance use and arrest history latent class membership included participants' age, gender, race/ethnicity, and annual income. Other measures included whether participants had a same-sex sex partner within the past year and whether participants were homeless (i.e., lived or slept on the street, in a park, in a bus station, etc. most of the time) within the past 6 months. Participants' mental health status was measured using the brief symptom inventory (BSI-18) [25] . Participants' lifetime participation in substance use treatment, defined as having ever participated in any alcohol or drug treatment (yes or no), was also selected.
Statistical Analysis
We conducted LCA to identify distinct classes of Project HOPE participants based on similarities in their responses to the measures listed above [26, 27] . Results of the LCA also provided estimates of class membership probabilities and within-class probabilities of specific substance use behaviors, substance use severities, and arrest history. All LCA models were estimated using Mplus 7.0 [28] .
The analysis involved a series of steps. First, we determined the appropriate number of classes of distinct patterns of substance use. We began with a 1-class model and increased the number of classes in each subsequent model by one, until the models would no longer converge. We then compared each model, seeking to minimize the Bayesian information criteria (BIC) and to maximize the entropy statistic, to find the best-fitting solution [29] . We repeated this process to determine the number of appropriate classes for arrest history. Second, we estimated a combined LCA model for both substance use and arrest history. We fixed the number of classes for each latent measure to the best-fitting solution determined during the previous step. We retained the class probabilities for each participant determined from this combined model.
Third, we ran 20 pseudo-class draws for each participant using Stata12 [30] and "assigned" the participant to a class for each of those 20 draws based on class probabilities determined during the previous analytical step [30, 31] . This approach preserved the probabilistic nature of class assignment and ensured appropriate statistical tests of differences can be performed in later stages of the analysis. Using the multiple imputation routines in Mplus, we then estimated summary statistics for important covariates to characterize the classes. These routines estimated the LCA models for each of the pseudo-class draws independently and then combined them into a final estimate that accounted for within-and between-sample variability using standard rules for combining [32] . In the final step, we used multinomial logistic regressions, again combining across all 20 pseudoclass draws, to regress class assignment on the covariates listed above.
Results
Eight hundred and one participants enrolled in Project HOPE. Table 1 summarizes the socio-demographics of the sample, which was predominantly male (67%) and nonHispanic Black/African American (75%), with a mean age of 45 years old (SD 9.99). Half of the participants were temporarily or permanently disabled from work and 89% of the 590 participants who reported a past-year personal income made $20,000 or less. Eighty-one percent of the sample had used an illegal drug or used a prescription medication for nonmedical purposes within the prior 12 months. The mean AUDIT score was 9.04 (SD 9.53) and the mean DAST-10 score was 4.69 (SD 2.93). More than half (55%) of all participants had ever received some form of substance use treatment. A majority (87%) of the participants had been arrested at least once in their lifetime and of those, 44% had been incarcerated. Table 2 presents the results of successive LCA models.
Latent Class Analyses
A five-class model provided the best overall fit statistics (BIC = 14,443.49, entropy = 0.88) for substance use and a three-class model provided the best overall fit statistics (BIC = 5860.14, entropy = 0.82) for arrest history.
A cross-tabulation of the independent LCA models found participants' most likely class assignment across both models were either cocaine users with minimal arrest history (24.3%) or minimal drug users with minimal arrest history (21.7%). Tables 3 and 4 summarize the class-specific conditional probabilities for substance use and for arrest history, respectively. Members of three out of five classes had moderate to high probabilities (≥ 0.50) of reporting marijuana use. Class 1 (minimal drug users) made up 25% of the sample. Participants assigned to this class had minimal probabilities of using any illicit drugs or prescription drugs recreationally in the past year. Although members of this class had an average AUDIT score of 8.17, a score indicative of likely active alcohol use disorder, this is no higher than the average AUDIT score across the entire sample. Class 2 (cocaine users) accounted for 34% of the sample and consisted of participants who had high probabilities of marijuana and cocaine use within the last year. Class 3 (substantial cocaine/ hazardous alcohol users) accounted for 20% of the baseline sample and was comprised of individuals with moderate probabilities of marijuana use, high probabilities of pastyear cocaine use, severe hazardous drinking behaviors as indicated by the average AUDIT score, and severe drug use as indicated by the average DAST-10 score. Class 4 (problem polysubstance users) was the smallest class, accounting for only 6% of the sample. Members in this class were likely to have moderate problems with using marijuana, GHB, hallucinogens, PCP, poppers, ketamine, tranquilizers, ecstasy, methamphetamines, and prescription medication within the past year. Finally, Class 5 (substantial cocaine/heroin users) accounted for 15% of the sample, and individuals in this class had high probabilities of using both heroin and cocaine within the past 12 months. Additionally, members of this class had an average DAST-10 score of 7.39, indicating likelihood of substantial problems related to drug abuse. In terms of arrest history, Class 1 (minimal arrests) was the largest, accounting for 74% of the sample. Members of this class had less than 0.10 probability of having been arrested for any of the 25 illegal activities. Class 2 (non-drug arrests) was 16% of the sample. Members of this class had probabilities above 0.20 for having been arrested for forgery, prostitution/pandering, larceny, and parole/probation violation. Class 3 (drug-related arrests) made up 10% of the participants. Members in this class had probabilities above 0.45 for having been arrested for drug-related activities, such as possession of drugs with intent to distribute, possession of drug paraphernalia, and sale of drugs. Members of this class also had a moderate probability (0.24) of having been arrested for assault. to odds of membership in the minimal drug users class, were significantly associated with age (OR 1.06, 95% CI 1.02-1.09), being male (OR 0.39, 95% CI 0.21-0.73), and being of Hispanic ethnicity (OR 4.56, 95% CI 1.56-13.38). With regards to arrest history, odds of membership in Class 2 (non-drug arrests) relative to membership in Class 1 (minimal arrests) were significantly associated with being male (OR 0.58, 95% CI 0.37-0.92) and having received substance use treatment (OR 1.73, 95% CI 1.10-2.72). Similarly, odds of membership in Class 3 (drug-related arrests) were also significantly associated with having received substance use treatment (OR 1.94, 95% CI 1.05-3.56) compared to members in the minimal arrests class.
Characterizing the Latent Classes
Discussion
With latent class analysis, we were able to take into consideration multiple substance use variables and multiple arrest history variables to reveal subgroups within a large sample of hospitalized PLWH who use substances who have heterogeneous patterns of substance use behaviors and criminal justice involvements. The classes of study participants we identified are a more multifaceted and representative assessment of the complexity of these behaviors compared with analyzing any single substance use or arrest history variable.
We found five latent classes of substance use behavior. Minimal drug users had low probabilities of any substance use. Cocaine users had very high probabilities of having used cocaine within the past year. Substantial cocaine/hazardous alcohol users class had high probabilities of cocaine use and a very high level of alcohol consumption. Problem polysubstance users reported moderately problematic use of several "club drugs," especially methamphetamines. Finally, substantial cocaine/heroin users had high probabilities of heavy uses of both cocaine and heroin in the past year.
The identification of 3 distinct patterns of substance use that involved cocaine suggests that these HIV-infected substance users' use of cocaine may not be the only driver of their poor health outcomes and that interventions designed to increase retention in care among HIV-infected cocaine users, and more generally substance users, may need to take into account individuals' overall substance use profiles; that is what substances they use, how they use them, and the severity of their substance use. Specifically, the identification of the substantial cocaine/hazardous alcohol users class suggests that for some PLWH who use substances, their alcohol use may be more severe than their cocaine use, as indicated by the extremely high average AUDIT score of class members, and that their alcohol consumption can be a more prominent contributor to their poor health outcomes than their cocaine use. While excessive alcohol consumption and use of illicit substances have both been shown to independently reduce ART utilization, lower medication adherence, and impede virologic suppression [33] [34] [35] , there have not been any studies that have specifically examined the combined effects of alcohol and cocaine on HIV clinical outcomes.
We found that membership in the problem polysubstance users class (compared to membership in the minimal drug users class) was significantly associated with younger age and with having had a same-sex sex partner within the last year. Although this group comprises only a small percentage of study participants, their pattern of substance use behaviors differs dramatically from the overall sample of mostly middle-aged, mostly non-Hispanic Black, male PLWH who most frequently reported cocaine use within the past year, and may not have been readily recognized if not for the use of LCA. Drug using men who have sex with men (MSM) who have HIV experience poor health outcomes associated not only with their substance use but also with their highrisk sexual behaviors [36] and our analysis shows a small but meaningful proportion of drug using MSM who have uncontrolled HIV infections requiring hospitalization. Given that MSM have the highest HIV incidence in the US [37] , our analysis reinforces the need to focus on addressing the substance use patterns, risk behaviors, and HIV care of this group.
Our analysis identified three latent classes of lifetime arrest history. The minimal arrests class included participants who had low probabilities of ever being arrested. The non-drug arrests class consisted of participants who had been arrested almost exclusively for non-drug related crimes (e.g., forgery, larceny). Finally, the drug-related arrests class consisted of participants who had been arrested mostly for drug-related crimes (e.g., possession of drugs with intent to distribute). Class membership was not a function of demographics except that women had higher odds of having been arrested for non-drug related crimes compared to participants who have only had minimal arrests. The emergence of the non-drug arrests class was unexpected given that less than one-fifth of participants reported having ever been arrested for these crimes. The identification of the non-drug arrests class is important because it shows that efforts of alternative sentencing strategies such as drug courts, which have been shown to be an effective method for reducing substance use and recidivism [38] , may be a missed opportunity to provide substance use disorder treatment to PLWH who use substances but who are not interacting with the criminal justice system based on drug-related crimes.
Our analysis found that any lifetime participation in substance use treatment was associated with higher odds of membership in all other subgroups of substance use patterns, compared to minimal drug users. Our analysis also showed that participation in substance use treatment was associated with higher odds of membership in the non-drug and drug-related arrests classes. Even though substance use treatment programs have been shown to be an effective venue for the delivery of HIV services [39, 40] and services to reduce criminal recidivism [41] , these services remain not readily available and ineffective [42] [43] [44] , as supported by the probabilities of substance use, lifetime arrests, and uncontrolled HIV infection in the sample of study participants.
Our analysis had limitations. The study sample, although it included many individuals from multiple sites across the US, was recruited for an intervention trial and participants were recruited from hospital settings, and therefore are not representative of all PLWH who use substances. Additionally, our cross-sectional analysis examined only associations and participants' substance use and arrest history class membership were measured with different time intervals (past year vs. lifetime). We relied on self-reported data, which may be prone to social desirability and recall biases. Despite these limitations, our analysis represents an important step to better understanding the nuanced patterns of substance use in a population that has been long underserved and have not benefited from medical advances to the same degree as PLWH who do not use substances.
Conclusions
This analysis supports the utility of latent class analysis in revealing complex patterns of behaviors. The findings of this analysis are a first step towards better understanding the complex dynamics of substance use and of criminal justice system involvement among PLWH they may be useful in informing the future direction of research studies aiming to examine the complex interactions among substance use, criminal justice involvement, and HIV care.
